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@) Aluminum auiface cleaning agent 

Chromium free cleaning compositions for cleaning alg* 
minum and aluminum alloy surfaces comprising 

A. from 0.2-4 g/l ferric ion and 

B. sufficient sulfuric and/or nitric acid to produce a pH of 
2 or less. 

The invention also relates to compositions containing 
from 0.001-0.5 g/1 of fluoride ions. 
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PATENT 
Case 1482 



ALUMINUM SURFACE CLEANING AGENT 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a composition for 
cleaning the surfaces of aluminum and aluminum alloys, 
which is particularly useful for the removal of lubri- 
5 eating oil and smut from the surfaces of aluminum cans, 

2. Description of Related Art 

Products with aluminum surfaces, e.g., beverage 
containers made of aluminum or aluminum alloy, are 

10 ordinarily itanufactured by a molding operation known as 

drawing and ironing (below, called "DI process"). 
During this molding operation, lubricating oil is 
applied to the metal surface, and smut adheres to the 
resulting container, especially to its inner walls. The 

15 surface of this kind of container is generally pro-- 

tected afterwards by, e.g., a conversion coating treat- 
ment or painting, and prior to this treatment it is 
necessary to remove the above-mentioned lubricating 
oil or smut from the metal surface. Ordinarily, 
20 an acid cleaner is used in this surface cleaning. 
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Conventionally, as the acid clean r, a chroiatirc 
acid type cleaner has been used in order to prevent 
corrosion of the treatment apparatus ^ but the use of 
these cleaners has been eliminated because of the toxl- 
5 city of the chromium ion. As substitutes, hydrofluoric 
acid cleaning agents have been proposed. For example, 
according to U^S. 3,728,188, a cleaning agent has been 
proposed uiiich consists of an acidic aqueous solution 
containing 0.5-2.0 g/1 fluoride ion, 5-21 g/1 ferric 

10 ion, and 0.05-3.0 g/1 thiourea, the pH of which is 

regulated to 0.1-1.8 with a strong mineral acid such as 
sulfuric acid, etc. With this cleaner, satisfactory 
surface cleaning is accomplished due to the fact that 
the large quantity of fluoride ions causes a rapid rate 

15 of etching the aluminum, while on the other hand, this 
etching is inhibited by the ferric ions. 

However, in the case of fluoride ions special 
care must be ^ployed with respect to preventing 
pollution of the working environment and waste liquid 

20 treatment y due to their toxicity. This is also true, 
not only for the case in which hydrofluoric acid is 
used, but also for systems in which other fluorides ar 
present which introduce fluoride ions into the cleaner. 
Cleaners with small quantities of fluoride ions, 

25 %^ich are a problem in this respect, have also been 
known conventionally. For example, according to a 
British Patent No. 1,454,974, a cleaner has been pro- 
posed uriiich consists of an aqueous acidic solution con- 
taining 0.005-0.1 g/1 fluoride ions and 1-10 g/1 

30 sulfuric acid, and which has a pH of 1.0-1.8. Although 
the fluoride ion content is reduced in this way, its 
toxicity can by no means be neglected. Moreover, in 
this cleaner, the cleaning power is somewhat reduced 
along with the reduction in fluoride ion content. 
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DESCRIPTION OF THE IWVBNTIOM 



Other than In the operating examples, or where 
otherwise indicated, all numbers expressing quantities 
of ingredients or reaction conditions used herein are 
to be understood as modified in all instances by the 
term "about." 

This invention concerns a cleaner for aluminum 
surfaces. More specifically, it concerns a cleaner 
which can satisfactorily remove lubricating oil or alu- 
minum powder (smut), etc., which has adhered to the 
surface of aluminum due to the molding process, and 
provide a clean surface* 

An object of this invention is to provide an alu- 
minum surface cleaner which not only contains no chro- 
mium ions, but also contains no fluoride ions, or at 
most only a small quantity of them. 

According to the invention, an aluminum surface 
cleaner is provided which is an aqueous acidic solution 
\4hich contains 0»2-4 g/1 ferric ions, i3ut contains no 
chromium or fluoride ions, and having its pH regulated to 
2.0 or less with sulfuric acid and/or nitric acid. The 
present invention also provides an aluminum surface 
cleaner which is an aqueous acidic solution which con- 
tains 0.2-4 g/1 ferric ions and 0.001-0.5 g/1 fluoride 
ions and does not contain chromium ions, and which has 
its pH regulated to 2.0 or less with sulfuric acid 
and/or nitric acid. 

The chromium ions referred to above which are not 
present in the compositions of the invention include 
not only hexavalent chromium ions provided by anhydrous 
chromic acid, but also trivalent chromium ions of its 
reduction product, or complex ions (e.g., 
[Cr (OH2)6 J^"^ J provided by chromium compounds of various 
kinds (e.g., £Cr(OH2)5]Cl3) . The fluoride ions 
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ref rred to above include not only the ion, supplied 
by hydrofluoric acid# but also complex ions (e.g», 
lAlFgjS-) supplied by various kinds of fluorine com- 
pounds (e.g.r KasCAlFg}). 
5 In the cleaner of this invention, the etching of 

the alximinum by the sulfuric acid or nitric acid is 
thought to be promoted by the ferric ionsj this promo- 
tion mechanism is suspected to be due to a cathode 
reaction Pedll) + e*" - Pe(II). This promotion effect 

10 is great compared to that of other oxidants (e.g./ 

HCIO4, H2M0O4, H2B2O7). The content of these ferric 
ions in the cleaner is 0.2-4 g/1* If the content is 
too small/ the effect of prosioting the etching 3:ate 
will be small, and it will not be suitable as a 

15 cleaner. On the other hand, if it is too great, a pro- 
motion effect proportional to the quantity used will 
not be obtained if fluoride ions are also present, and 
the etching ability due to the fluoride ions will be 
suppressed, so that satisfactory surface cleaning can- 

20 not be accomplished. 

As the source of these ferric ions there can be used 
water-soluble ferric salts such as Fe2 (804)3, ^©{^03)3, 
Fe (€104)3, ^tc» Of course, salts v^ich also supply' 
chromium ions, e.g., Pe2(Cr04)3, (NH4)Fe(Cr04)2# etc., 

25 cannot be used. In the cleaner of this invention, if 

fluoride ions are also present, compounds such as F&F3, 
Na3FeF6, etc., can be used. Ferrous salts (such as 
FeS04, Fe(N03)2, etc.) can also be used as sources of 
ferric ions. In this case, an equivalent quantity of 

30 oxidant (e.g., hydrogen peroxide) can be added to the 

aqueous acidic solution into which the ferrous salt has 
been compounded to oxidize the required quantity of 
ferrous ions to ferric ions. 

As discussed above, the present invention also 

35 relates to cleaning agents that contain fluoride ions. 
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present in from 0,001-0.5 g/1 (as 5® ions). If the con- 
tent of fluoride ions is too small # the effect of 
adding them is not obtained, the etching ability is not 
increased, and consequently, their use will not be advan- 
5 tageous if the aim is to shorten the cleaning time. On 
the other hand, if their content is too great, it will 
be meaningless from the viewpoint of eliminating toxi- 
, city, and excessive etching will occur. 

As sources of the fluoride ions one can use the 

10 above-mentioned various kinds of fluorides, including 
hydrofluoric acid, and the above-mentioned fluorides 
which can also supply ferric ions. 

The cleaning agents of this invention are aqueous 
acidic solutions with a pH of 2.0 or less, preferably 

15 pH 0.6-2.0. If the pH is too high, the aluminum 
etching rate is extremely reduced, and the effec- 
tiveness of the cleaner cannot be obtained. There is 
no particular lower limit to the pH, but even if it is 
less than pH 0.6, no further improvement is observed in 

20 cleaning power, and it is not commercial; it is also 

disadvantageous from the viewpoint of preventing corro- 
sion of the treatment apparatus. 

The pH regulation is obtained with sulfuric acid 
and/or nitric acid. Furthermore, with nitric acid, 

25 there is the concern that decomposition gases (e.g., 
NO, N2O4) are produced during the cleaning treatment? 
hence, it is preferable to use sulfuric acid. 

The use of other strong acids besides sulfuric 
acid and nitric acid, e.g. , hydrofluoric acid, is 

30 limited due to the above-mentioned toxicity and strong 
etching ability of fluoride ions. With hydrochloric 
acid, when ferric ions are also present, pitting is 
caused on the aluminum surface r^nd poor external 
appearance is invited; in addition, edge-cracking 

35 during processing occurs. With phosphoric acid, there 
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is the problem that a large etching rat reduction 
occurs due to eluted aluminum ions* Consequently, it 

is not desirable to use such acids, but they nay be used 
together with the above-mentioned sulfuric acid 
5 and/or nitric acid in a range «toich will not interfere 
with desired results of this invention. 

With the cleaning agents of this invention it is 
advantageous to include/ as with conventionally-known 
cleaners, 0.1-10 g/1, preferably 0*5-4 g/lr of one or 

10 more surface active agents. In this way, the ability 
to remove the above-mentioned lubricating oil will be 
improved. As the surface active agent there can be used 
nonionic, cat ionic, anionic or amphoteric agents, as 
with conventional cleaners. 

15 Furthermore, when necessary, chelating agents 

(e.g., citric acid, oscalic acid, tartaric acid) can be 
compounded in. In this way, the etching rate is acce- 
lerated, and this as advantageous for improving the 
treated external appearance. 

20 The cleaner of this invention, like 

conventionally-known cleaners, can be used by preparing 
a concentrated aqueous liquid from the above-mentioned 
ingredients and diluting it to a concentration within 
the range of use by a suitable quantity of water* 

25 The application of the cleaner to the aluminum 

surface can be carried out by the immersion or the 
spray method* The temperature of application can be 
room temperature {20**C) to 80^*0, preferably 50-70**C* 
The application time varies with the above-mentioned 

30 method of application and application temperature, and 
the state of contamination of the object to be treated, 
but ordinarily it is 10-120 sec. 

The aluminum surface cleaned by the cleaner of 
this invention can also be treated by normal methods, 

35 e.g., phosphating, after washing with water. 
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with the compositions of the invention^ satisfac- 
tory cleaning of aL\iminum surfaces can be obtained r yet 
the cleaner contains no chromium ions and no fluorine 
ions or, alternatively, only a small quantity of 
5 fluorine ions, which have previously been used in large 
quantities because of their usefulness* Hence, pollu- 
tion of the work environment can be substantially pre- 
vented and the burden of waste liquid treatment 
reduced . 

10 The invention will be illustrated but not limited 

by the following examples. 

ACTU?^L EXAMPLES 1-9 AND COMPARISON E?CAMPLES 1-8 

(1) Objects to be Treated: 

15 

Lidless containers with lubricatng oil and smut 
adhering, obtained by the DI process of 3004 alloy alu- 
minum plate. 

20 (2) Cleaner: 

1 1 of cleaner was prepared by mixing 16.7 g of 
75% sulfuric acid, 14.3 g of 20% aqueous solution of 
Fe2 (504)3, nonionic surface active agent (1) 

25 with water (Actual Example 1). 

Thereafter, the cleaning agents with compositions 
shown in rfeble 1 were prepared in the same way. 

The surface active agents used were as follows: 
Nonionic agent (l)s Hydrocarbon derivative 
30 Nonionic agent (2): Abietic acid derivative 

Nonionic agent (3): Primary ethoxylated alcohol 
Nonionic agent (4): Denatured polyethoxylated alcohol 
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(3) Treatment Conditions: 

The above-mentioned containers were spray- treated 
for 60 sec, at 60-70*'C with the various cleaners, then 
5 spray-washed at roc»a temperature for 15 sec. with tap 
water and then for 5 sec. with deionized v»ter, after 
which they were dried at 95**C. 

<4) Cleaning Power Evaluation: 

10 

The following items were tested: the results are 
shown in Table 2. 

(a) External appearance: The whiteness of the con- 
tainer after drying was judged by eye. The case in 
15 which degreasing and de-smutting were complete and a 
fully etched white external appearance was shown is 
rated as good; and evaluation was zoade based on the 5 
stages given below according to the degree of 
whitening: 

20 

(g): whole surface whitened 
Q : partially light gray 
A 5 whole surface light gray 
X: partially gray 
25 XX: whole surface gray 
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External appearancej Water | De-smutting 
I wettability | ability 
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(b) Water wettability: Immediately after the water 
spray v^shing, the container was shaken 3 times to 

30 remove the water ^ after which the container was set down 
upright, and after 30 sec* the outer surface area of the 
container wetted with water {%) was measured. 

(c) De-smutting ability: Transparent adhesive tape 
was stuck to the inner surface of the container after 

35 drying, and it was then pulled off and stuck to white 
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cardboard. Th whit ne s of the surface with the tap 
stuek to it was compared to the other part of the card-- 
board. The case in which the smut was completely 
rexdoved and the surface had no contamination was consi- 
5 dered good/ and evaluation was made based on the 5 sta- 
ges below according to the degree of contamination: 

5: no contamination 
4: traces of contamination 
10 3: very minute contamination 

2: moderate contamination 
1: great contamination 
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what is claimed is; 

1. An aqueous chromium free, cleaning composition for 
aluminum and aluminum alloy surfaces comprising: 

A. from 0.2 to 4 g/1 of ferric ions; 

B. a sufficient quantity of sulfuric and/or nitric 
acid to produce a pH of 2 or less for the com- 
position? and 

C. from 0 to 0,5 g/1 of fluoride ions. 

2. A composition in accordance with claim 1 wherein 
component B is sulfuric acid* 

3# A composition in accordance with claim 1 or 2 
wherein the pH of the compositions is in the range of 
from about 0*6 to about 2#0, 

4, A composition in accordance with claims 1, 2, or 3 
which also contains a cleaning effective quantity of a 
surfactant, 

5» A composition in accordance with claims 1 through 
4 wherein the fluoride ion is the ion. 

6, A composition in accordance with claims 1 through 
4 wherein the fluoride ion is a complex fluoride ion. 

?• A concentrated composition for dilution with water 
to the composition of claims 1 through 6 wherein the 
concentrated composition contains in excess of 4 g/1 
of ferric ions- 
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8* A process for cleaning aluminum and aluminum alloy 
surfaces comprising the steps of 

I. treating an aluminum or aluminum alloy surface at 
a tempeature in the range of about 20**C to about 
80 ^^C with an aqueous chromium free cleaning solu- 
tion of claims 1 through 6^ and 

II. removing the aqueous cleaning solution from the 
aluiainuro or aluminxim alloy surface. 
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